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1
FSYNC MISMATCH TRACKING

BACKGROUND

Field of the Invention

This disclosure relates to network timing and more par-
ticularly to reducing errors in network timing signals.

Description of the Related Art

Network communication boxes use timing protocols to
ensure time of day (ToD) counters in the network are
synchronized. Frame sync (FSYNC) signals are used to
update time of day counters at the same time in the network.
Any delay/oflset and process, voltage, temperature (PV'T)
variation between the FSYNC signals being supplied to the
ToD counters 1n each line card in the network box results 1n
an error that 1s classified as Continuous Time Error (CTE).
By way of example, the CTE budget for a network box 1s 5
ns for Class D type network boxes. Reducing sources of
timing error 1n network boxes would give greater tlexibility
to designers to meet the CTE budget.

SUMMARY OF EMBODIMENTS OF THE
INVENTION

Accordingly, 1n one embodiment an apparatus includes a
master line card that includes a master line card time of day
counter, a phase-locked loop supplying a master timing card
clock signal from which a plurality of master line card frame
sync signals are generated. Fach of the master line card
frame sync signals indicates when a roll over event for the
master line card time of day counter occurs. The master line
card further includes a master line card time stamp circuit to
provide a plurality of master line card time stamps corre-
sponding to the plurality of master line card frame sync
signals. The apparatus further includes a slave line card that
includes a slave line card time of day counter and a slave line
card time stamp circuit that generates a plurality of slave line
card time stamps corresponding to a plurality of slave line
card frame sync signals generated on the slave line card.
Each of the slave line card frame sync signals indicates when
a roll over event for the slave line card time of day counter
occurs. Compare logic compares one of the plurality of slave
line card time stamps and one of the plurality of master line
card time stamps and generates a baseline difference. The
compare logic 1s configured to generate a second diflerence
based on comparison between a second of the plurality of
slave line card time stamps and a second one of the plurality
of master line card time stamps. Control logic 1s responsive
to the baseline difference not being equal to the second
difference, to generate a mismatch difference indicative of a
difference between the baseline difference and the second
difference and to compensate for the mismatch difference.
In another embodiment a method includes generating a
plurality of slave line card time stamps for a respective
plurality of slave line card frame sync signals generated on
a slave line card. A master line card generates a plurality of
master line card time stamps for a respective plurality of
master line card frame sync signals. One of the plurality of
slave line card time stamps 1s compared to one of the
plurality of master line card time stamps to generate a
baseline difference. A second diflerence 1s generated based
on a comparison of a second of the plurality of slave line
card time stamps to a second of the plurality of master line
card time stamps. The second difference not being equal to
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2

the baseline difference 1s compensated for by adjusting at
least one timing aspect of the master line card. In an
embodiment, the phase-locked loop in the master line card
1s adjusted based on a diflerence between the second dii-
ference and the baseline difference, the one timing aspect
being associated with the phase-locked loop. In another
embodiment, the second difference not being equal to the
baseline difference 1s compensated for by providing an oflset
to a time of day counter on the master line card, the oflset
corresponding to the diflerence between the second difler-
ence and the baseline difference, the one timing aspect being
the oilset.

In another embodiment a method includes generating a
baseline difference between occurrence of a first slave line
card frame sync signal on a slave line card and a first master
line card frame sync signal on a master line card. A second
difference 1s generated between occurrence of a second slave
line card frame sync signal and a second master line card
frame sync signal. The method further includes adjusting at
least one aspect of the master line card to compensate for the
second difference not being equal to the baseline difference.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be better understood, and its
numerous objects, features, and advantages made apparent
to those skilled 1n the art by referencing the accompanying
drawings.

FIG. 1 illustrates a typical architecture of network com-
munication box with a slave line card, a master timing card,
and multiple master line cards.

FIG. 2 illustrates the closed loop utilized to keep the slave
line card aligned with the timing of the incoming data
stream.

FIG. 3 illustrates that the F SYNC and CLK signal are
distributed open loop to the master timing cards.

FIG. 4 1illustrates a line card (master or slave) according
to an embodiment that compensates for temperature varia-
tion to reduce CTE.

FIG. § 1illustrates the time stamp compare operation that
establishes the baseline difference between a slave line card
F SYNC time stamp and a master line card F SYNC time
stamp.

FIG. 6 illustrates the tracking operation to compare cur-
rent time stamp differences to the baseline time stamp
difference.

FIG. 7 illustrates a high level block diagram of an
embodiment of a phase-locked loop used on the line cards
(master and slave).

FIG. 8 illustrates a flow diagram for tracking the time
stamp diflerences to reduce CTE in network communication
boxes.

The use of the same reference symbols 1n different draw-
ings indicates similar or 1dentical items.

DETAILED DESCRIPTION

FIG. 1 illustrates a typical architecture of network com-
munication box 100 with a slave line card (LC) 101, a master
timing card (TC) 103, and multiple master line cards 105.
Embodiments can have, e.g., 64 master line cards. The
data_out 109 from each line card 1s time stamped using time
stamps from local time of day (ToD) counters 111. The slave
line card 101 receives timing imformation from a selected
one of a plurality of mncoming data streams on data_in 116
that provides the network time of day to which the commu-
nication system 100 maintains alignment.
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The master timing card 103 supplies a global F SYNC
signal and system clock signal (CLK) to the slave line card
101 generated using PLL 117 and dividers (not shown). The
FSYNC signal 1s also referred to as the SYNC signal 1n
certain contexts as the signal can have diflerent names
(SYNC or F SYNC) at the integrated circuit level inside the
network box or system level. The signal will be referred to
as the F SYNC signal herein for ease of reference. The
global FSYNC signal can be embedded inside a serial
stream, e€.g., 1n the CLK signal, which conveys the position
of the global F SYNC edge through a pulse width modula-
tion of the CLK signal or other data transter methods. The
master timing card 103 supplies the CLK and global F
SYNC signal to all of the master line cards 105 over
backplane 119. The global F SYNC signal 1s a global signal
inside the network system box 100 that signifies the right
moment/edge for the Time of Day (ToD) counters 111 to
rollover. The time of day counters maintain the date and
time. The global F SYNC signal has a frequency range of,
¢.g., 16 kHz to pp2s (pulse per 2 seconds). In many network
systems the FSYNC signal 1s 1 pulse per second (1 PPS). F
SYNC 1s generally an integer divided down and edge
aligned version of the system clock signal CLK. The global
F SYNC output from the master timing card 103 1s used by
all the line cards for their ToD rollover alignment. The
vartous ToD counters 111 contain the same value and
turnover at the same time based on the global F SYNC
signal. Each of the line cards 101 and 1035 generate a local
F SYNC signal by dividing the CLK generated by PLL 121
in a divider (not shown 1n FIG. 1) to the desired frequency,
¢.g., 1 PPS that should be aligned to the global F SYNC
signal.

One challenge 1n a network communication box 1s to keep
the ToD on the slave line card aligned with the network
timestamps from the incoming data stream. That 1s accom-
plished by deriving the exact position of the F SYNC edge
using a precision time protocol (PTP) servo loop that uses
the time information inside the incoming packet stream on
data_in 116 to the slave line card 101. Another challenge 1s
to keep the ToD counters across diflerent line cards in
perfect alignment over process, voltage, and temperature
(PVT) so that the time stamps indicating the ToD sent with
the data_out 109 from the master line cards are always
aligned with each other and the incoming network time. That
1s, the time stamps sent with the master line card data out
should reflect the current network time of day.

As mentioned above, the slave line card ToD should be
identical to the time provided by the incoming data stream.
FIG. 2 1llustrates that the slave line card 101 uses a closed
loop 201 to keep the slave line card aligned with the timing
of the incoming data stream. The selected input data stream,
the slave line card 101, and the master timing card 103
operate 1n a Precision Time Protocol (PTP)/1588 closed loop
to maintain alignment between the ToD and the Grandmaster
time. The master timing card provides the clock signal
(CLK) and the global frame sync (FSYNC) signal that are
adjusted to maintain the alignment. The Grandmaster (the
selected 1nput data stream) provides time stamps that the
MCU 108 on the slave line card 101 compares to the ToD
on the slave line card and provides any necessary phase and
frequency adjustments to the PLL 117 on the master timing
card to adjust CLK and F SYNC signal (as indicated by At)
to compensate for any differences in the slave line card
timing and Grandmaster timing. The PLL 121 1n the slave
line card 1s locked to the PLL 1n 117 using global F SYNC
and the CLK signal as the reference clock and global F
SYNC provided to the backplane indicates when the edge of
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4

the local F SYNC signal should occur. The PLL 117 1s 1n
turn locked using the PTP loop to the network timing of the
GrandMaster. The FSYNC signal 1s used to indicate when a
rollover, e.g., of a particular bit of the ToD counter should
occur after, e.g., each 1 second interval.

There are fixed delays associated with the backplane and
the circuits of the slave line card 101 and the master timing,
card 103 and the signal lines between them. Those fixed
delays can be calibrated out in test. In addition, the PTP/
1588 closed loop system adjusts the CLK and FSYNC pair
generated by the master timing card 103 such that the slave
line card ToD remains aligned with the network time of the

chosen incoming data_in stream using adjustments based the
PTP/1588 loop algorithm.

The master timing card CLK/FSYNC pair 1s globally
distributed over the backplane 119 to all of the master line
cards 105. While the slave line card 1s closed loop and
continuously corrected by adjusting the master timing card
PLL 117, the CLK/FSYNC pair distribution 1s open loop to
the master line cards 105 as illustrated by 301 1n FIG. 3.
Thus, the master line cards have delay mismatch with the
slave line card due to temperature variation, especially real
time temperature variation that has not been calibrated out at
manufacturing or test. The master line cards have process,
voltage, and temperature coetlicient differences. In addition,
the temperature of the line cards can vary inside the com-
munications box 100 depending on location. While fixed
mismatches can be calibrated out at test after careful design
and manufacturing (process and voltage vanations), tem-
perature variation mismatch accounts for the bulk of the
network time error between the line cards that cannot be
casily calibrated out. Since line cards, and their components
have different temperature coeflicients and line card tem-
perature varies over time and within the box, such tempera-
ture change over time causes CTE.

FIG. 4 1llustrates a line card (master or slave) according
to an embodiment that compensates for temperature varia-
tion and reduces CTE. Note that the master line cards utilize
mismatch tracking to compensate for temperature variation
while the slave line card utilizes the PTP loop to remain
locked to the network timing. Each line card includes an
integrated circuit 400 that includes a phase-locked loop 401
that generates a clock signal 402 for the local ToD counter
403 (corresponding to ToD 111 m FIG. 1). In addition,
divider 404 divides down the generated clock signal to
generate the local FSYNC signal 408 that i1s the rollover
signal for ToD 403. In addition, the FSYNC signal 408 1s fed
back to time stamper 405. In an embodiment the divider 404
counts N locally generated CLK cycles and then issues a
pulse (FSYNC) indicating the N count has been reached.
The counter then resets and counts again, thus issuing a
pulse every N cycles of CLK 402. The master timing card
(see FIG. 1) distributes the global CLK signal 410 and the
global F SYNC signal 412 over the backplane to each line
card. The PLL 401 on the integrated circuit 400 utilizes the
CLK signal 410 as the PLL reference clock signal. The
global FSYNC signal 412 1s used conceptually to control the
divider 404 to align the locally generated FSYNC signal
with the global F SYNC signal 412 distributed over the
backplane. In an embodiment, the global F SYNC signal 412
1s time stamped in time stamper 422, which provides the

time stamp to compare and control logic 414. That compare
may be used to adjust the PLL 401 to align the local F SYNC

signal 408 and the global FSYNC signal 412. The goal 1s to
ensure a zero delay between the global F SYNC and the
local F SYNC. That goal can be modified as described herein

to 1improve system FSYNC accuracy across line cards. The
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global FSYNC signal 412 can also be used to ensure divider
404 restarts i1ts count of the PLL at the right time and with
the right value.

In order to compensate for temperature change, different
temperature coetlicients, and different temperatures within
the network communications box, the line cards in the
illustrated embodiment time stamp the local F SYNC signal
408 1 time stamper 405. Thus, each master line card
determines a master line card F SYNC time stamp and the
slave line card determines a slave line card FSYNC time
stamp. Each master line card (or the slave line card) deter-
mines a baseline time stamp diflerence (baseline mismatch)
between the slave line card FSYNC time stamp and the
master line card FSYNC time stamp 1n time stamp compare
and control logic 414. The baseline difference between each
of the master line cards and the slave line card 1s likely to be
different. The time stamp compare logic resides on either the
slave line card or on each master line card. I the compare
logic resides on the slave line card, the master line cards
send their time stamp 1nformation to the slave line card for
the compare operation. If the compare logic resides on the
master line card, the slave line card sends its time stamp
information to the master line cards for the compare opera-
tion to establish the baseline diflerence. Periodically, e.g.,
every 1 second (or longer or shorter according the needs of
the particular system), the slave line card and each of the
master line cards time stamp a currently generated F SYNC
and determine a current difference between the slave line
card generated FSYNC and the master line card generated
FSYNC. The slave line card 1s locked to the network timing
of the imcoming data stream (the Grandmaster) but the
master line cards are running open loop. The current time
stamp difference 1s compared to the baseline time stamp
difference and if the compare result indicates the diflerence
has remained constant, no action need be taken. However, 1t
the compare result 1s non-zero thereby indicating a mis-
match difference, the timing of master line card 1s out of
sync with the timing of the slave line card. In an embodi-
ment, the master line card compensates for the mismatch
difference by adjusting PLL 401 based on the non-zero
compare result (the mismatch difference) to cause the com-
pare result (mismatch difference) to return to zero. In that
way, as temperature changes, the master line cards adjust
therr PLL timing to reduce CTE. Note that 1f there 1s a
mismatch difference, mismatch compensation accounts for
the unequal delays caused by, e.g., temperature variation
between line cards of the I/O buflers and backplane buflers.
The mismatch compensation can result in the delay between
global FSYNC 412 and local FSYNC 408 being non-zero.
The mismatch compensation helps ensure that local
FSYNCs occur at the same time across line cards given
different temperatures and delays associated with different
line cards.

Alternatively, to compensate for the mismatch difference,
the master line card supplies an offset 418 to the time of day
counter 403 with the oflset corresponding to the non-zero
compare results (mismatch difference). The oflset can be
positive or negative. Thus, ToD counter 403 counts the next
interval between FSYNC pulses to be shorter or longer
based on the offset. That may be a particularly usetul
approach if the ToD counter 1s located on the same 1nte-
grated circuit with the PLL and the compare logic measuring
the time stamp differences but in other embodiments the
ToD counter 1s located on another integrated circuit in the
line card. Thus, the non-zero compare results can be com-
pensated for in several ways, e.g., by adjusting the master
line card PLL or supplying an oflset to the ToD counter.
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FIG. S5 illustrates the time stamp compare operation that
establishes the baseline difference between a slave line card
F SYNC time stamp and a master line card F SYNC time
stamp. Assume FIG. 4 illustrates a master line card and the
compare logic resides in each of the master line cards. In an
embodiment, the compare and control logic 414 1s 1mple-
mented as digital logic in integrated circuit 400 or program-
mable logic (e.g., a microcontroller unit (MCU)) or 1n any
appropriate combination of programmable and digital logic
in integrated circuit 400 or elsewhere on the master line
card. Time stamper 405 receives the feedback of FYSNC
signal 408 generated on the master line card and supplies the
time stamp to a time stamp register 501 on the master line
card. The slave line card has identical hardware shown as
time stamper 505 receiving the feedback of the locally
generated F SYNC signal and stores the time stamp in the
slave time stamp register 507. The two time stamps are
compared 1n the subtraction circuit 509 and the baseline
difference 1n the timestamps 1s stored 1n the baseline time
stamp register 511. If the compare logic 1s 1n the master line
cards, the slave line card sends the time stamp information
to each of the master line cards. A serial bus 420 (see FIG.
4) carries the time stamp nformation and other control
information. In an embodiment, the slave line card broad-
casts the time stamp information to all of the master line
cards. If the compare logic 1s 1n the slave line card, the slave
line card receives the master line card time stamps, performs
the compare for each master line card, and stores the
baseline differences for all the master line cards.

Once the baseline difference between the master line card
and the slave line card time stamps 1s established, the current
difference (mismatch) 1s tracked in order to compensate for
temperature. FI1G. 6 illustrates the tracking operation. Time
stamper 405 time stamps a current local F SYNC 408 and
stores the time stamp result in the master line card time
stamp register 501. The slave line card time stamps the local
slave line card FSYNC in time stamper 5035 and stores the
time stamp 1n slave line card time stamp register 507.
Compare logic (subtraction circuit) 509 compares the two
time stamps and generates a current time stamp difference
515. Compare logic 516 compares the current diflerence and
the baseline difference and supplies the difference. That
difference determines an adjustment 416 to PLL 401 (see
FIG. 4) to zero out the difference from the baseline difler-
ence or the difference determines the oflset 418. If the slave
line card does the compares, the slave line card sends the
respective difference to the appropriate master line card.

FIG. 7 1llustrates a high level block diagram of a phase-
locked loop 700 utilized 1n an embodiment of PLL 401. The
illustrated PLL 1s a digital PLL that time stamps the refer-
ence clock from CLK 410 and the feedback clock (FBCLK)
701 and supplies the time stamps to a digital phase and
frequency detector (PFD) 702. Since the PLL 700 receives
the distributed clock signal as a reference clock, the PLL 1s
frequency locked to the CLK signal. Thus, all the master line
cards (along with the slave line card) are frequency locked
to the CLK signal and the time stampers are all frequency
locked since the PLL are frequency locked. Once PLL 700
1s locked to CLK 410, divider 404 generates the F SYNC
signal 408 that 1s looped back to time stamper 405. In an
embodiment, the PLL 700 has a loop bandwidth of between,
¢.g., 40 Hz and 100 Hz. The digital PFD 702 supphes the
phase diflerence to digital loop filter 703, that in turn
controls the oscillator 704. In an embodlment the oscillator
704 1s a voltage controlled oscillator (VCO) that supplies a
1 GHz clock signal while the backplane distributed refer-
ence clock signal (CLK) 410 from the master timing card 1s,
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¢.g., 10 MHz. Those frequencies are simply examples and 1n
other embodiments, the frequencies of the distributed CLK
signal and the VCO generated clock signal 402 are different.
In an embodiment the time stamper 405 on the master line
card (and 503 for the slave line card) 1s clocked by the output
of the VCO 704. In an embodiment the time stamper 405
(and 505) 1s implemented as a high precision time to digital

T 1

converter such as one described 1n the patent entitled “USE
OF A RECIRCULATING DELAY LINE WITH A TIME-

TO-DIGITAL CONVERTER”, U.S. Pat. No. 10,067,478,
which patent 1s incorporated herein by reference.

There are several ways that the PLL 700 can be adjusted
based on the diflerence between the current time stamp
mismatch and the baseline time stamp mismatch. Referring,
still to FIG. 7, the PLL can be adjusted by adjusting the
teedback divider 705. In other embodiments 1n which the
PFD 702 receives digital values, the adjustment can be made
by adjusting the digital time stamp 707 of the feedback clock
being supplied to the PFD 702 or the digital time stamp 709
of the reference clock signal with an offset corresponding to
the difference. In still other embodiments, by way of
example, a non-integer output divider (not shown in FIG. 7)
1s adjusted, output divider 404 1s adjusted, or an I/O delay
offset 1s changed. The correction 1s preferably applied
slowly to zero out the difference between the current mis-
match and the baseline mismatch so as not to cause an
undesirable large perturbation to the VCO output signal or
other signals based on the VCO output signal.

FIG. 8 illustrates a flow chart for tracking the time stamp
differences to reduce CTE 1n network communication boxes.
In 801, responsive to a power on condition and after the local
PLL has locked to the CLK signal and the timing of the
incoming data stream, or responsive to another selected time
point, the slave line card determines a time stamp for the
locally generated F SYNC signal. At 803, responsive to a
power on condition and after the local PLL has locked to the
CLK signal, or responsive to another selected time point,
cach of the master line cards determines a time stamp for the
locally generated F SYNC. Then, either the master line cards
send the time stamps to the slave line card or the slave line
card sends the time stamp to the master line cards, e.g., in a
broadcast operation. In 805 each of the master line cards (or
the slave line card) determines a baseline difference between
the F SYNC time stamp of the slave line card and the F
SYNC time stamp of the master timing card and stores the
baseline difference (baseline mismatch) for use 1n tracking.
Alternatively, the slave line card determines and stores the
baseline difference for each of the master line cards. In 806,
the line cards wait a predetermined amount of time before
the next time stamps are compared. Once the predetermined
time period has passed, 1n 807, each of the master line cards
periodically determines, e.g., once every 1 second, a current
master line card F SYNC time stamp and the slave line card
periodically determines a current slave line card FSYNC
time stamp. Either each of the master line cards send the
slave line card the current master line card F SYNC time
stamp or the slave line card sends the master line cards the
current slave line card F SYNC time stamp. In 809 the
current difference between master and slave time stamps 1s
determined and compared 1n 811 to the baseline diflerence.

If the slave line card performs all the compares for the
master line cards to determine whether the current time
stamp differs from the baseline time stamp, the slave line
card sends the master line cards the results of the compare
or at least the results of the compare that require the PLL on
the master line card to be adjusted or require an oflset to the
ToD counter. Less traflic will result on the bus 1t the
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compares are distributed and performed on the master line
cards since that 1s where the compare results will be utilized.
In 815 each of the master line cards (or the slave line card)
checks 1f the current diflerence and baseline diflerence are
the same. Note that the change from the baseline difference
can be positive or negative. I the compare result 1s non-zero
indicating a mismatch difference (i.e., the current difference
between master time stamp and slave time stamp 1s not equal
to the baseline diflerence), the path delays between the slave
line card and the master line card have changed likely due

to temperature and 1 817 the master line card adjusts its
PLL based on the non-zero difl

crence to eliminate the
non-zero difference by, e.g., adjusting a phase of the master
line card PLL according to the non-zero diflerence or
adjusting other PLL parameters (e.g., divider values, etc.)
described earlier. For example, assume the slave line card
time stamp was 1mtially 100 and the master line card nitial
time stamp was 200 and thus the baseline diflerence was
100. Assume for one of the periodic checks, the master line
card time stamp was 1201 and the slave line card was 1100
and thus the current difference i1s 101. That implies the
master line card has less delay since the count moved
torward and the PLL should be adjusted to account for the
delay change and match the baseline difference of 100. Less
delay can be the result of, e.g., the master line card being 1n
a cooler location 1n the network communications box, a
different temperature coetlicient, or both. Alternatively,
rather than adjustmg the PLL 1n 817, the master line card
supplies an offset to the ToD counter with the oflset corre-
sponding to the mismatch difference (non-zero difference
between the baseline difference and the current diflerence).
The tlow then returns to 806 to perlodlcally wait for the next
periodic time stamp compare. I the diflerence between the
current difference and the baseline diflerence 1s zero 1n 815
(differences are equal) no action needs to be taken to adjust
the master line card PLL and the flow returns to 806 to wait
for the next periodic check.

In an embodiment the system includes a temperature
sensor 424 (see FI1G. 4) 1 each line card in the system, and
the temperature readings are stored 1n a table 1n or accessible
to compare and control logic 414. Assume each line card 1s
calibrated at, e.g., 25° C. As the temperature changes and the
mismatch 1s tracked resulting in adjustments to the master
line card to compensate for the mismatches, a temperature
coellicient 1s calculated for each master line card that
specifies, e.g., how much compensation should be used per
degree change 1n temperature, and that temperature coetl-
cient can be used independently by each master line card
along with mismatch tracking. Each master line card looks
up the compensation value based on its current temperature
and applies 1t to compensate for a temperature change. Use
of the temperature coeflicient by the master line cards can
reduce the frequency of the mismatch tracking and reduce
the size of the mismatch. In addition, the use of the tem-
perature sensor and compensation using the temperature
coellicient helps to keep the mismatch low in case of inter
card communication failure or limitations in bandwidth.

While time stamping 1s one way to track the mismatch,
other mechanisms can be used for mismatch tracking. For
example, another approach uses analog or digital phase and
frequency detectors (PFDs). The analog or digital PFDs
utilize additional physical signaling so the rising edge of the
FSYNCs can be compared in the PFD. In addition, PFD
output should account for mismatch created by the addi-
tional physical signaling. In another alternative, messaging
and calibration algorithms can be used 1n the packets sent
between the slave line card and the various master line cards.
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The calibration using messaging involves sending a single or
multiple calibration packets with time stamps (indicating
when the packets are sent) through all the line card ports and
calculation of the mismatch using the timestamps. The
calculated mismatch 1s then corrected through the master
line card PLL or an oflset 1s provided to on the master line
card ToD counter.

Thus, a way to reduce CTE for the communication box
has been described by comparing a current time stamp
difference to a baseline time stamp difference for each of the
master line cards and adjusting a master line card PLL
according to the compare. The description of the mmvention
set forth herein 1s 1llustrative and 1s not intended to limit the
scope of the mnvention as set forth in the following claims.
Variations and modifications of the embodiments disclosed
herein may be made based on the description set forth
herein, without departing from the scope of the invention as
set forth in the following claims.

What 1s claimed 1s:

1. An apparatus comprising:

a master line card including a master line card time of day
counter, a phase-locked loop supplying a master timing
card clock signal from which a plurality of master line
card frame sync signals are generated, each of the
master line card frame sync signals indicating when a
roll over event for the master line card time of day
counter occurs, and a master line card time stamp
circuit to provide a plurality of master line card time
stamps corresponding to the plurality of master line
card frame sync signals;

a slave line card including a slave line card time of day
counter and a slave line card time stamp circuit to
generate a plurality of slave line card time stamps
corresponding to a plurality of slave line card frame
sync signals generated on the slave line card, each of
the slave line card frame sync signals indicating when
a roll over event for the slave line card time of day
counter occurs;

compare logic to compare one of the plurality of slave line
card time stamps and one of the plurality of master line
card time stamps and generate a baseline difference, the
compare logic being configured to generate a second
difference according to a comparison between a second
one of the plurality of slave line card time stamps and
a second one of the plurality of master line card time
stamps; and

control logic responsive to the baseline difference not

being equal to the second difference, to generate a
mismatch difference indicative of a diflerence between
the baseline difference and the second diflerence and to
compensate for the mismatch diflerence.

2. The apparatus as recited 1n claim 1 wherein the master
line card 1s configured to adjust the phase-locked loop based
on the mismatch difference between the second diflerence
and the baseline difference to thereby compensate for the
mismatch difference and undo the mismatch difference.

3. The apparatus as recited 1n claim 2 wherein the phase-
locked loop 1s adjusted i multiple steps to undo the difler-
ence.

4. The apparatus as recited 1n claim 1 wherein the master
line card 1s configured to supply an oflset corresponding to
the mismatch difference to the master line card time of day
counter to compensate for the mismatch difference.

5. The apparatus as recited 1n claim 1 wherein the control
logic 1s responsive to the baseline difference being equal to
the second difference, to not adjust the phase-locked loop in
the master line card.
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6. The apparatus as recited 1n claim 1 wherein the master
line card further comprises the compare logic.

7. The apparatus as recited 1n claim 1 wherein the slave
line card further comprises the compare logic.

8. The apparatus as recited 1n claim 1 wherein the master
line card further comprises:

a first storage location to store at least one of the slave line

card time stamps; and

a second storage location to store the baseline difference.

9. The apparatus as recited 1n claim 8 wherein the first and
second storage locations are on an integrated circuit on
which the phase-locked loop 1s disposed.

10. The apparatus as recited 1 claim 1 further comprising
a second master line card.

11. A method comprising;:

generating a plurality of slave line card time stamps for a

respective plurality of slave line card frame sync sig-
nals generated on a slave line card;

generating a plurality of master line card time stamps for

a respective plurality of master line card frame sync
signals generated on a master line card;
comparing one ol the plurality of slave line card time
stamps to one of the plurality of master line card time
stamps and generating a baseline difference;

generating a second difference based on a comparison of
a second of the plurality of slave line card time stamps
to a second of the plurality of master line card time
stamps; and

compensating for the second difference not being equal to

the baseline difference by adjusting at least one timing
aspect of the master line card.

12. The method as recited i claim 11 wherein the
compensating comprises adjusting a phase-locked loop 1n
the master line card based on a difference between the
second difference and the baseline difference to eliminate
the diflerence between the second difference and the base-
line difference, the one timing aspect being associated with
the phase-locked loop.

13. The method as recited in claim 11 wherein the
compensating comprises providing an oflset to a time of day
counter on the master line card, the offset corresponding to
a difference between the second diflerence and the baseline
difference, the one timing aspect being the offset.

14. The method as recited 1n claim 11 fturther comprising;:

determining a temperature coethicient for the master line

card based on a plurality of temperature readings and a

plurality of mismatch compensations; and
compensating for temperature change based on the tem-

perature coellicient and a current temperature reading.

15. The method as recited 1n claim 11 turther comprising:

providing the plurality of slave line card time stamps to

the master line card from the slave line card; and
comparing the baseline difference and the second difler-
ence 1n the master line card.

16. The method as recited 1n claim 11 further comprising
comparing the baseline difference and the second difference
in the slave line card.

17. The method as recited 1n claim 16 further comprising
the master line card providing the plurality of master line
card time stamps to the slave line card.

18. The method as recited 1n claim 11 further comprising:

storing one or more of the plurality of slave line card time

stamps 1n one or more storage locations 1n the master
line card; and

storing the baseline difference in the master line card.

19. The method as recited 1n claim 11 turther comprising:
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generating a second plurality of second master line card
time stamps for a respective second plurality of second
master line card frame sync signals generated on a
second master line card;

comparing one of the plurality of slave line card time
stamps and one of the second plurality of second master
line card time stamps and generating a second baseline
difference;

generating a third difference based on a comparison using,
another one of the plurality of slave line card time
stamps and another one of the second plurality of
second master line card time stamps; and

compensating for the third difference not being equal to
the second baseline difference by adjusting a second
phase-locked loop 1n the second master line card, the
adjusting based on a difference between the third
difference and the second baseline difference or com-
pensating for the third difference not being equal to the
second baseline diflerence by providing a second oilset

to a second time of day counter on the second master

line card, the second offset corresponding to the dii-

ference between the third difference and the second

baseline difference.

20. A method comprising:

generating a baseline difference between occurrence of a
first slave line card frame sync signal on a slave line
card and a first master line card frame sync signal on a
master line card;

generating a second difference between occurrence of a
second slave line card frame sync signal and a second
master line card frame sync signal; and

adjusting at least one aspect of the master line card to
compensate for the second difference not being equal to
the baseline diflerence.

21. The method as recited 1 claim 20 further comprising;:

generating a plurality of additional differences between
additional slave line card frame sync signals and addi-
tional master line card frame sync signals;

comparing the additional differences to the baseline dif-
ference to generate additional values; and
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compensating for respective ones of the additional values
being non-zero and not compensating for respective
ones of the additional values being zero.

22. The apparatus as recited in claim 1 wherein the master

line card further comprises the control logic.

23. The apparatus as recited 1n claim 1 further comprising,

a serial bus coupling the master line card and the slave line
card and the slave line card 1s configured to supply the slave
line card time stamps to the master line card over the serial
bus.

24. The apparatus as recited 1n claam 10 wherein the

second master line card comprises:

a second master line card time of day counter;

a second phase-locked loop supplying a second master
timing card clock signal from which a plurality of
second master line card frame sync signals are gener-
ated, each of the second master line card frame sync
signals indicating when a roll over event for the second
master line card time of day counter occurs;

a second master line card time stamp circuit to provide a
plurality of second master line card time stamps cor-
responding to the plurality of second master line card
frame sync signals;

second compare logic to compare one of the plurality of
slave line card time stamps and one of the plurality of
second master line card time stamps and generate a
second baseline diflerence the second compare logic
being configured to generate a third difference based on
a comparison between another of the plurality of slave
line card time stamps and another of the plurality of
second master line card time stamps; and

second control logic responsive to, at least in part, the
second baseline difference not being equal to the third
difference, to generate a second mismatch difference
indicative of a diflerence between the second baseline

difference and the third difference and to compensate
for the second mismatch difference by adjusting the
second phase-locked loop according to the second
mismatch difference or supplying a second oflset to the
second master line card time stamp circuit that corre-

sponds to the second mismatch difference.
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